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The immediate response of stress to aerobic exercise 
was measured by utilizing the Palmar Sweat Index (PSI) and the 
State-Trait Anxiety Inventory (STAI). Forty subjects (20 male and 20 
, female) from the ages of 18-30 sustained a single bout of aerobic 
'activity for 30 minutes at 60 percent of their maximum heart rate. 
Pre-treatment procedures included administration of the STAI and 
obtaining a finger print for determining enumeration of open sweat 
pores. Each subject's resting heart rate was then determined so that 
the treadmill could be adjusted until the target heart rate was 
reached. After the half-hour exercise period, the STAI was 
readministered to each subject, and a second fingerprint was taken to 
measure the number of open sweat pores. Results showed a significant 
decrease in both psychological stress as measured by the STAI and in 
physiological stress as measured by the PSI, (JM) 
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THE ACUTF EFFECT OF AEROBIC EXERCISE ON MEASURES OF STRESS 



Inza L* Fori 
Center for Interactive Technology 
University of Arkansas 
Fayettevi I ley ArKsnsss 

The lifestyle of the average American is filled with stress 
and different people reset to stress in different ways* .Jhe body 
reauires s certain ©mount of stress for motivation snd ; e 

satisfaction of needs? hut excessive negative stress can hsve s 
detrimental effect on health* Positive forms of stress can 
counteract the negative forms and? more and more? people have 
been usina' exercise to help them cope with the demands of daily 
living in a fast-paced society* Physical activity has been 
frequently prescribed as a means of reducing tension* 3 There is? 
however? a lacK of information? specifically concerning intensity 
and duration? relating to the acute effects of exercise on 
feelings of stress*10 

Stress hss been measured from both a physiological and a 
Psychological standpoint. One such physiological measure hss been 
the Palmar Sweat Index? which recognises two basic types of 
sweating — thermal and mental* Thermal' sweating occurs on all 
sKir surfaces except the palms of the hands and the soles of the 
feet* Sweating as a result of temperature changes or exercise and 
sweating ifi the palms and soles as a result of mental or emotional 
stimuli are distinct physiological responses* 8 The Palmar Sweat 
Index? developed by Harrison and MacKinnon 9 yields the number of 
functioning sweat elands in a four sauare millimeter area aXound 
the central whorl of the finger tip*6 Several investigators h\ve 



•-used Lhi* method in measure stress. '9? 1 1 ? 13 ? 15 Repeated prints; 
have been taKen from subjects less than a minute apart with 
significant changes* PSI scares are expressed as changes from 
previous scores* deviations from an individual's mean? or 
deviations from a baseline. Although a physiological indicator 
such as the PSI cannot describe the subtleties of a psychological 
state as completely as honest conceptual expression* the Palmar 
Sweat Index, ma* detect changes which a subject may not reveal 
verbally .7 

Stress may also be reflected psychologically as anxiety? 
which is defined as a troubled feeling or a sense of dread or fear 
to a real or imagined situation that imposes on one's mental or 
Physical well-being. .1.4 The State-Trait Anxiety Inventory was 
developed to measure the two distinct components of state and 
trait anxiety* State anxiety is a temporary condition of 
self-perceived feelings of tension which fluctuate in intensity 
over a period of time* It refers to a reaction taking place at a 
particular point in time. In contrast? trait anxiety ife a more 
stable "anxiety pronenes^K^char ac ter istie of the i ndi vidua.1 ♦ 12 
The STAI has been reviewed as one of the best? if not the best? of 
standardized measures .4 Several investigators have utilized the 
STAI before, and after periods of physical aci tiviUi .1 *?*5 

PURPOSE OF STUDY 
The purpose of this study was to investigate the immediate 
response of stress as measured by the Palmar Sweat Index and the 
State-Trait Anxiety Inventory to a single bout of aerobic activity 
sustained for 30 minutes at 60% of the maximum heart rate. 
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RESEARCH PROCEDURES 

Subjects were 40 volunteers 7- 20 males and 20 "females ~~ 
from the ages of 18 to 30* Potential subjects wei e provided with 
an explanation of procedures and a written informed consent* Each 
subject provided information as to the type? duration and 
frequency of his or her physical activity plus details concerning 
the use of prescription drugs? cigarettes and alcohol* 

Pre-t'r eatmen t procedures included administration of the 
State-Trait Anxiety Inventory (Forms X~l and X~2b explained as a 
self evaluation Questionnaire? and obtaining a print from the 
third fin step of the nondominant hand for the enumeration of open 
sweat pores* Subjects were then connected by five leads to a 
Burdick EKG and sat euietly for a period of five minutes to 
determine resting heart rate* "Each subject then began exercise on 
the treadmill, to last for a period of 30 minutes at a heart rate? 
which was determined by subtracting the resting rate from the 
age-predicted maximum heart rate? multiplying by 60% and adding 
the value of the resting rate* The speed of the treadmill was 
adjusted according. tc the EKG readout of the heart rate of the 
subject? so that each person reached his or her predetermined 
target heart rate within 3 to 4 minutes from the start of 
exercise* That level was maintained within plus or minus 5 beats 
during the entire exercise period* A heart rate 60% of the way 
between the resting and maxima.] rate is considered the critical 
threshold value for intensity in order to achieve an aerobic 
training effect* This procedure was designed to take into account 
each individual's level of fitness so that he or she was 
exercising at a heart rate Compatible with that level and yet also 
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provide a consistent standard for all subjects* Heart rate? was 
constantly monitored and a corresponding change in the speed "of 
the treadmill was made* These values were recorded every 5 
minutes during the exercise period* 

Following a brief rest after exercise? the STAI (Form-:. X-l 
and X-2) was readministered . A second fingerprint impression was 
then made for the enumeration of open sweat pores* 

Consisting of 40 brief statements — 20 to assess a person's 
feelings at a particular moment and 20 to assess general feelings? 
the items of the State-Trait Anxiety Inventory are presented in 
counterbalanced order relative to anxiety* The scoring Keys 
reverse the direction of the non-anxiety items so' that a high 
score implies high state or trait anxiety* Scores for each form 
can range from 20 to 80* 

For the enumeration of open sweat pores? the ring finger tip 
of the nondominant hand was wiped with a tissue to remove residual 
sweat* A thin layer of a solution of polyvinyl formal? hu.tyl 
phthalate? semi -col .1 oidal dispersion of graphite in 
trichloethylene and ethylene dichioride was applied from the 
container with a single dab of the stopper* After the solution 
dried? the finger was covered with a piece of Scotch "Magic 11 
transparent tape applied and removed proximal to distal* The tape 
was then placed directly on a microscopic slide* For scoping? the 
print was enlarged 10 diameters with a mioropro Jeetor * A white 
scoring template of proper si?© to represent a 4 sa* mm* area of 
skin surface was positioned under the central whorl* Active sweat 
glands? which bpppbp as open pores along the ridges of the 
fingerprint? were counted* 
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The Statistics.! Package for the? Boris! Sciences (SPSS) wss 
utilized to perform ell statistical calculations. Significance 
was tested at the *05 level* A t-test for dependent samples was 
coiTiPuied to determine differences within the entire group from 
pre-exercise to post-exercise on the variables of state anxiety? 
trait anxiety* and number of open sweat pores* A t-test for 
independent samples was computed to determine if any between-sex 
differences occurred * 

RESULTS AND DISCUSSION 
Exercise data is presented in Table 1 ♦ FeLales had an 
average resting heart rate of 70*1 and a mean target heart rate of 
144*9 beats per minute* The average resting heart rate for males 
was 60*8 with' a mean target rate of 142*0 beats per minute. 
Average exercising heart rate for both males and females was 
within one beat of the target* Resting? target and average 
exercising heart rates all indicated a significant difference 
between the sexes* Females ^v^rBvied 4*4 mph of treadmill speed 
while males averaged a significantly faster 5*0 mph* 



Table 1 
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60.8 


10,4 


70,1 
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3,02 


0,01 


Target HR 
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2,63 


0,01 


Av Ex HR 


142,9 


4,3 
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'•2,76 


0,01 


Av MPH 
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0,7 


4,4 


0,7 


2,73 


0,01 


N = 20 Males 


and 20 


Females 
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The dais concerning the Palmar Sweat Index? utilized as a 
physiological indicator of stress* is presented in Table 2* The 
decrease in the PSI for the group as a whole frum a mean of 58 ♦ 3 
open sweat pores' before exercise to a mean of 42*9 immediately 
after exercise was statistically significant* The reduction of 
open sweat pores for both females (57*7 to 47*1) and males (58*9 
to 44*6) from pre- to post-exercise was significant* 

Table 2 



P a 1 iti a r Sweat I n d e x • 
N x Sd Se , t pr ob 



T Grp 


Pre 


39 


58.3 


15*0 


2.4 


8.38 0.00 




Post 




42*9 


13 . 2 


2.1 
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of open 
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ss measured 


by the 


Palmar Swtfat Index 


before 


end after 


Fxerei se. 


The entire 


group 


as well as males and 



females siSnif icsntly decreased the number of open sweat pores 
after exercise. Thus? if the Palmar Swest Index can be. used as s 
Physiological measure of stress? exercise effectively reduced 
stress for both sexes and to a slightly greater degree for 
females. 

Feelings of psychological stress were measured by the 
State-Trait Anxiety Inventory. For the entire group? state 
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anxiety (Table 3)? or the tension perceived and expressed by the 
individual at a particular point in time? decreased from a mean of 
34*8 to 29*3* which was significant* Females decreased from 34 ♦ 1 
to 30*3 in the number of open sweat pores from before and after 
exercise while males showed a larger decrease from 35*5 to 28*4* 
Although the decreases for both males and females from pre- to 
po ,t~exercise were significant? differences between the sexes on 



5tot9 oiiAiPty 


PfcfT^ui e 


or after 


exercise were not. 










Table 3 
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se findings 



of reduced state anxiety after a single exercise period were 
consistent with findings bu Morgan and others* 10? :l y2?5 

On the more stable trsit anxiety or general "anxiety 
proneness" characteristic of the individual (Table 4)? the entire 

<3roup decreased slightly from a mean of 32*6 before exercise to a 

if 

mean of 31*3 after exercise <p<»05># Females did not change 



significant Iw i p trait anxiety tfM"le the reduction for male?:, from 
32*0 to 30*4 was significant* Even though statistically 
significant? these changes were very small and prohahH-: do not 
hold a great deal of Psycho] ogieal significance considering a 
60-Point range of possible scores*' There were no significant 
diTferences between the sexef, in the pre- and pos t-exeroi se data 
of trait anxietv.; characteristic?:.;* 

Table 4 
Trait Anxiety 
N x Sd Be t prob 



T Grp Pre 




32*6 


5,7 


• 0.9 






40 








2*47 


Post 




31*3 


6,6 


1 ,0 
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6 , 2 
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I , :l 6 


Post 




32*1 


7*8 


1,7 




Males Pre 




. 32*0 


5*3 


:i , :L 




20 








2.77 


Post 




30,4 


5*3 


ia 





0,02 



0 ♦ 26 



0,03 



The fact that both males and females sversMed only one boat 
above tars<-t heart rate during exercise implies that the subject* 
were worKir.g at the minimum aerobic threshold and that benefits 

« 

derived as indicated in the results were obtained from easy to 
moderate exercise. Males displayed a lower average heart rate 
during exercise at a faster speed which was significantly 
different from females, 

Within the limitations and design of this study r it was 
concluded that stress- is effectively reduced through a single 
30-minute period of exercise at the minimum aerobic threshold. 
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